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Abstract Ataxia with vitamin E deficiency (AVED) is a

rare autosomal recessive neurodegenerative disease, due to

mutations in TTPA gene (Arita et al. in Biochem J 306(Pt.

2):437–443, 1995; Hentati et al. in Ann Neurol 39:295–

300, 1996), which encodes for a-TTP, a cytosolic liver

protein that is presumed to function in the intracellular

transport of a-tocopherol. This disease is characterized

clinically by symptoms with often striking resemblance to

those of Friedreich ataxia. The neurological symptoms

include ataxia, dysarthria, hyporeflexia, and decreased

vibration sense, sometimes associated with cardiomyopa-

thy and retinitis pigmentosa (Mariotti et al. in Neurol Sci

25:130–137, 2004). Vitamin E supplementation improves

symptoms and prevents disease progress (Doria-Lamba

et al. in Eur J Pediatr 165(7):494–495, 2006). Over 20

mutations have been identified in patients with AVED. In

the present paper we summarize the recent findings on

molecular genetic of this disease including the list of the

known mutations.
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Introduction and clinical symptoms

Ataxia with isolated vitamin E deficiency (AVED; MIM#

277460) is a rare autosomal recessive neurodegenerative

disease, due to the defect of a-TTP, an intracellular cyto-

solic protein that bounds specifically to a-tocopherol [25].

The clinical phenotype resembles Friedreich’s ataxia,

although Friedreich’s ataxia is more often accompanied by

cardiomyopathy and impaired glucose metabolism [28].

Several features are shared with Friedreich ataxia, includ-

ing cerebellar ataxia, loss of deep tendon reflexes, vibra-

tory-sense disturbances, dysarthria, muscle weakness, and

Babinski sign [16]. However, cardiomyopathy is signifi-

cantly rarer in AVED than in Friedreich ataxia, whereas

head titubation and dystonia appeared to be specific to

AVED [10]. Generally, there is no scoliosis or foot

deformity. Magnetic resonance imaging (MRI) of brain and

nerve conduction are normal in most of cases (Fogel et al.

2007). The concomitant presence of specific neurological

symptoms and very low levels of plasma vitamin E, in the

absence of other clinical conditions commonly associated

with fat malabsorption, can guide the differential diagnosis

[2]. The disease can be diagnosed by clinical features

associated with low levels of vitamin E of serum. Genetic

diagnosis is possible but not necessary [8].

The phenotype of AVED also resembles abetalipopro-

teinemia since clinical signs in both diseases are caused by

vitamin E deficiency. However, unlike AVED, vitamin E

deficiency in abetalipoproteinemia is due to a gastrointes-

tinal lipid uptake syndrome that leads to severe diarrhea.

Patients have a very low serum vitamin E level (\3 mg/L;

reference values 3–15 mg/L), with a normal intestinal fat

absorption mechanism and no signs of abetalipoproteine-

mia. Since 1981, familial isolated vitamin E deficiency has

been described [9], and despite the small number of cases

initially reported, phenotypic variability appeared very

great, ranging from severe Friedreich-like ataxia presen-

tation (AVED) to mild neurological impairment and very

late disease onset [36].
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The treatment is supplementation with vitamin E up to

800 mg/day [29]. The administration of vitamin E sup-

plements has resulted in cessation of the progression of the

neurologic symptoms and signs in most patients and in a

melioration of established neurologic abnormalities in

some of them [18]. In other cases, there has been no

improvement. The extent of recovery clearly is related to

when the therapy is begun: the more advanced the deficit,

the more limited the response to therapy [14]. It suggests

that a prompt genetic characterization of AVED may

prompt an early effective treatment of the disease. Hence,

early diagnosis of vitamin E deficiency may provide con-

siderable improvement in the quality of AVED patient’s

life [41].

Molecular genetics

AVED is caused by mutations in the a-tocopherol transport

protein (a-TTP) gene, which is located at chromosome

8q13 [33]. The gene consists of five exons.

a-TTP is able to selectively bind a-tocopherol (the most

active vitamin E isomer) to the very-low-density lipopro-

teins (VLDLs) in the liver, which are released in the blood

circulation. a-TTP is a cytosolic liver protein that is pre-

sumed to function in the intracellular transport of

a-tocopherol [52]. The pathogenic basis of such ataxias at

this time appears to involve two broad types of processes:

free-radical injury and defects of DNA single- or double-

strand break repair [24].

Vitamin E is a fat-soluble antioxidant that prevents

lipid oxidation in the membranes. There are various forms

of vitamin E, such as a-, b-, c- and d-tocopherol.

a-tocopherol is regarded as the most biologically effec-

tive. Vitamin E is absorbed in the small intestine and

transported in chylomicrons to the liver. In the liver

a-tocopherol is incorporated into nascent VLDLs, which

then enter the circulation.

Patients with AVED have a mutation of a-TTP gene and

therefore cannot include a-tocopherol in the VLDL [17].

The lipid concentrations in their peripheral blood are nor-

mal, but vitamin E levels are very low. Because of this low

level, the scavenging function fails and neurodegeneration

appears most prominently in cerebellum and peripheral

nerves. The connection between these pathological findings

and vitamin E is not known in detail, but oxidative stress is

likely to play a major role [22].

TTPA gene mutations analysis

Table 1 shows the different mutations described until now.

Using rat a-TTP to screen a liver cDNA library, fol-

lowed by PCR, Arita et al. [4] cloned full-length human

a-TTP. The deduced 278-amino acid protein has a calcu-

lated molecular mass of 31.7 kD and shares 94% identity

with rat a-TTP [40]. Northern blot analysis of several human

tissues detected a 4.5-kb a-TTP transcript in liver only

TTPA gene in the chromosome 8q13.1–q13.3 region [6].

Today mutations on each exon have been described. The

most frequent mutations of the TTPA gene is the 744delA

in exon 5 and the 513insTT mutation in exon 3. In North-

African populations, the most frequent mutation responsi-

ble for the disease is the 744delA mutation, while in AVED

families of North European origin the 513insTT mutation

has been often identified [26]. In Italian patients, these two

mutations account for approximately 80% of the TTPA

mutated alleles. Biochemical characterization of TTPA

missense mutations has been reported for six missense

mutations. These studies indicated that TTPA mutations

(R59W, E141K, and R221W) associated with a severe

early-onset AVED exhibit a clear impairment in both

binding and transfer activity of TTPA, while the variants

associated with the milder late-onset form of the disease

(H101Q, A120T, R192H) show biochemical properties

similar to the wild-type protein. For other mutations, the

possible implication for AVED has been hypothesized on

the basis of the crystal structure of the human TTPA pro-

tein [30]. The severity of the disease clearly can be mod-

ulated by different, nongenetic factors including the

amount of vitamin E in the daily diet and the time of ini-

tiation and dosage of vitamin E supplementation, once the

biochemical diagnosis has been made [5]. However, the

phenotype associated with the semiconservative missense

mutations (R192H, A120T, and H101Q) appears to be

milder than that seen in the majority of cases [12]. The

partial loss of function associated with mutations R192H

and H101Q is corroborated by the results of previous

studies, which used deuterated forms of a-tocopherol

stereoisomers (RRR and SRR) [46]. In the study of the

function of the hepatic a-TTP in normal humans, a marked

preference for the RRR stereoisomer over the SSR form

of a-tocopherol was found. The ability to discriminate

between the isomers also was demonstrated in perfused

monkey livers in vitro. Patients with R192H or H101Q

mutations were still able to preferentially incorporate the

natural RRR stereoisomer into VLDL, to a lesser extent

than normal subjects, and were labeled ‘‘discriminators’’.

These patients contrasted with other patients who had a

complete loss of the capacity to preferentially incorporate

the natural a-tocopherol stereoisomer into VLDL (labeled

‘‘nondiscriminators’’). In these patients, the mutations

have been characterized, and they are homozygous for

severe truncating mutations (530AGrGTAAGT, 744delA,

486delT, and R134X). Interestingly, they all are associated

with a severe, early-onset form of the disease [31].

All other truncating mutations and the nonconservative
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missense mutations (R59W, E141K, and R221W) also

seemed to be associated with the severe form of the dis-

ease, suggesting that they also result in complete loss of

function, although the patients were not studied for their

ability to discriminate between RRR and SRR isomers of

a-tocopherol [15, 23]
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